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(54)  Medical  device  and  production  thereof 

(57)  A  medical  device  having  good  surface  lubricity 
in  the  wet  condition,  high  frictional  durability  and  surface 
lubricity  stability  comprises  a  body  and  a  smoothing  or 
lublicating  coating  on  a  surface  of  the  body.  The  coating 
is  produced  by  applying  a  solution  of  a  mixture  of  maleic 
anhydride  high  polymer  and  polyurethane  having  allo- 
phanate  bond  on  a  surface  of  the  body,  insolubilizing  the 
resultant  coating  by  heating,  and  then  hydrophilizing  the 
coating  with  a  hydrophilizing  agent  such  as  ammonia, 
amine  or  alcohol. 
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Description 

The  present  invention  relates  to  a  medical  device  such  as,  for  example,  catheters  and  guide  wires  or  stylets  for 
guiding  a  catheter  to  an  objective  site  of  human  tissue  or  coelom  such  as,  for  example,  blood  vessel,  digestive  tract, 

5  urether,  tracheae,  bile  duct  and  the  like. 
Medical  devices  such  as,  for  example,  catheters  put  into  the  human  tissue  or  coelom  such  as  blood  vessel,  diges- 

tive  tract,  ureter,  tracheae,  bile  duct  and  the  like,  guide  wires  or  stylets  used  for  guiding  a  catheter  to  an  objective  site 
of  the  tissue.  Such  medical  devices  have  to  be  put  into  the  objective  site  of  the  tissue  correctly  without  injuring  the  tis- 
sue.  Also,  the  medical  devices  are  required  to  have  a  good  lubricity  so  as  not  to  injure  the  mucous  by  friction  or  to  cause 

10  inflammation  during  insertion  in  the  tissue. 
For  these  reasons,  it  is  the  general  practice  to  use  a  low  friction  material  such  as  fluoroplastics,  polyethylene  and 

he  like  as  a  material  for  medical  device.  Further,  in  order  to  improve  the  slipping  property  of  the  medical  device  as  well 
as  to  prevent  the  blood  from  clotting,  the  medical  device  has  been  provided  on  the  surface  thereof  with  a  coating  of 
fluoroplastics,  silicone  resin,  or  urethane  resin,  or  coated  with  silicone  oil,  olive  oil,  glycerine,  Xylocaine  (Tradename) 

15  jelly  or  the  like.  However,  these  processes  have  little  effect  and  there  is  such  a  defect  that  the  frictional  resistance  can 
not  be  lowered  sufficiently. 

These  problems  have  been  overcome  by  a  medical  device  proposed  in  Japanese  patent  unexamined  publication 
No.  6-7426.  The  medical  device  is  provided  a  lublicating  film  of  methyl  vinyl  ether-maleic  anhydride  copolymer  and  is 
produced  by  immersing  a  base  member  of  polyurethane  in  a  solution  of  methyl  vinyl  ether-maleic  anhydride  copolymer 

20  dissolved  in  methyl  ethyl  ketone,  drying  the  base  member  and  treating  it  with  water  to  form  a  lublicating  film  on  the  sur- 
face  of  the  base  member.  Such  a  medical  device  shows  good  surface  lubricity  in  the  wet  condition,  but  never  keeps  the 
lubricity  up.  For  example,  guide  wires  with  such  a  lubricating  film  has  a  tendency  to  lose  the  surface  lubricity  step  by 
step  when  subjected  to  repeated  stress  in  the  catheter. 

Also,  in  Japanese  patent  examined  publication  No.  1-33181,  there  has  been  proposed  a  medical  device  having  a 
25  thin  film  of  a  maleic  anhydride  high  polymer  covalently  bonded  to  a  reactive  functional  group  present  on  surfaces  of  a 

body  threof.  This  device  shows  good  surface  lubricity  in  the  wet  condition  and  possesses  high  durability  of  lubricity. 
However,  the  body  has  to  be  treated  with  a  solution  of  an  organic  compound  having  a  functional  group  such  as,  for 
example,  isocyanate  group,  amino  group,  aldehide  group  or  epoxy  group  to  provide  the  functional  group  on  the  surfaces 
of  the  body.  Thus,  there  is  a  fear  of  unreacted  compounds  remaining  on  the  surface  of  the  medical  device,  causing  a 

30  problem  of  the  safety  of  a  patient. 
Further,  in  Japanese  patent  examined  publication  No.  4-12145,  there  has  been  proposed  a  medical  device  covered 

with  a  water-soluble  polymer  or  a  derivative  thereof  which  are  ionically  bonded  to  a  functional  group  present  on  surfaces 
of  a  base  member.  Although  this  device  shows  good  surface  lubricity  in  the  wet  condition,  the  polymer  film  is  peeled  off 
in  a  solution  containing  ions  such  as  physiological  saline  since  molecules  of  the  polymer  are  fixed  on  the  surface  of  the 

35  device  body  by  ionic  bonding. 
In  Japanese  patent  unexamined  publication  No.  3-2366854,  there  has  been  proposed  a  medical  device  provided 

on  a  surface  thereof  with  a  coating  of  a  half  ester  of  methyl  vinyl  ether-maleic  anhydride  copolymer  or  a  derivative 
thereof  partially  cross-linked  by  diisocyanate.  This  device  shows  good  surface  lubricity  in  the  wet  condition  and  pos- 
sesses  high  durability  of  lubricity.  However,  there  is  a  fear  of  an  unreacted  compound  with  diisocianate  group  remaining 

40  on  the  surface  of  the  medical  device  since  the  compound  with  diisocianate  group  has  to  be  mixed  with  the  reaction  sys- 
tem  for  formation  of  the  coating.  This  residual  unreacted  compound  causes  a  problem  on  the  safety  of  a  patient.  Fur- 
ther,  the  half  ester  of  methyl  vinyl  ether-maleic  anhydride  copolymer  is  poor  in  surface  lubricity  as  the  copolymer  by  itself 
has  a  hydrophobic  group.  In  addition,  the  coating  thereof  and  the  surface  lubricity  is  lowered  because  of  the  molecular 
chains  of  the  copolymer  being  restrained  by  a  cross-linked  structure.  The  above  coating  is  formed  by  directly  coating  a 

45  solution  of  methyl  vinyl  ether-maleic  anhydride  copolymer  or  a  derivative  thereof  on  the  surface  of  the  device  body,  but 
a  pot  life  of  the  solution  is  very  short  and  of  the  order  of  only  2  hours. 

It  is  therefore  an  object  of  the  present  invention  to  provide  a  medical  device  which  shows  good  surface  lubricity  in 
the  wet  condition,  possesses  high  frictional  durability,  and  keeps  the  surface  lubricity  stably. 

Another  object  of  the  present  invention  is  to  provide  a  method  for  producing  medical  device  which  shows  good  sur- 
50  face  lubricity  in  the  wet  condition,  possesses  high  frictional  durability,  and  keeps  the  surface  lubricity  stably. 

The  above  and  other  objects  of  the  present  invention  are  solved  by  providing  a  medical  device  comprising  a  body 
and  a  smoothing  or  lublicating  coating  provided  on  a  surface  thereof,  said  coating  being  composed  of  a  mixture  of 
maleic  anhydride  high  polymer  and  polyurethane  having  allophanate  bond,  said  coating  being  insolubilized  by  heating 
and  hydrophilized  with  a  hydrophilizing  agent. 

55  According  to  the  present  invention,  there  is  also  provided  a  method  for  producing  medical  devices  comprising  the 
steps  of  applying  a  solution  of  a  mixture  of  maleic  anhydride  high  polymer  and  polyurethane  having  allophanate  bond 
on  a  surface  of  a  body,  insolubilizing  the  resultant  coating  by  heating,  and  then  hydrophilizing  the  coating  with  a 
hydrophilizing  agent.  The  hydrophilizing  agent  is  preferably  selected  from  the  group  consisting  of  ammonia,  amines  and 

2 
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alcohols. 
In  a  preferred  embodiment,  the  coating  can  be  formed  on  a  surface  of  a  body  of  a  synthetic  resin  by  dipping  the 

body  in  a  mixed  solution  of  maleic  anhydride  high  polymer  and  polyurethane  with  the  allophanate  bond.  The  resultant 
coating  is  insolubilized  by  subjecting  the  resultant  coating  to  a  suitable  thermal  treatment  as  the  maleic  anhydride  high 

5  polymer  reacts  with  the  polyurethane.  The  resultant  insolubilized  coating  is  hydrophilized  with  a  hydrophilizing  agent 
such  as  ammonia,  amine  or  alcohol.  This  hydrophilized  coating  shows  a  good  surface  lubricity  in  the  wet  condition. 
Since  the  maleic  anhydride  high  polymer  has  been  insolubilized  by  the  reaction  with  polyurethane,  the  coating  becomes 
insoluble  and  hard  to  peel  off  by  repeated  friction,  thus  making  it  possible  to  maintain  the  surface  lubricity  persistently. 

As  a  body,  there  may  be  used  those  made  of  synthetic  resins  such  as  polyurethane,  polyamide,  polyvinyl  chloride, 
10  polyester  and  the  like,  or  metal  wires  coated  with  these  synthetic  resins.  The  maleic  anhydride  high  polymer,  which  is 

one  of  the  components  constituting  the  coating,  has  a  function  to  develop  the  surface  lubricity  in  the  wet  condition  by 
hydrophilization.  The  maleic  anhydride  high  polymer  includes  methyl  vinyl  ether-maleic  anhydride  copolymer,  ethylene- 
maleic  anhydride  copolymer,  1  -octadecene-maleic  anhydride  copolymer,  stylene-maleic  anhydride  copolymer  and  the 
like. 

15  The  hydrophilizing  agent  reacts  with  the  maleic  anhydride  high  polymer  to  give  the  hydrophilicity  to  the  coating. 
Preferred  hydrophilizing  agents  include  ammonia;  amines  such  as  methyl  amine,  ethyl  amine,  propyl  amine,  etc,;  and 
alcohols  such  methyl  alcohol,  ethyl  alcohol,  propyl  alcohol,  butyl  alcohol,  etc. 

If  the  maleic  anhydride  high  polymer  is  coated  simply  on  the  medical  device  body,  for  example,  a  bare  guide  wire, 
the  produced  guide  wire  develops  no  surface  lubricity  even  in  the  wet  condition.  However,  this  problem  is  solved  by 

20  hydrophilization  of  the  guide  wire  with  the  hydrophilizing  agent.  The  hydrophilized  guide  wire  can  develop  the  surface 
lubricity  sufficient  for  the  practical  use  in  the  wet  condition,  but  there  arises  a  new  problem  that,  when  such  a  guide  wire 
is  inserted  in  a  catheter  and  then  introduced  into  the  blood  vessel,  the  maleic  anhydride  high  polymer  may  be  eluted 
from  the  coating  on  the  guide  wire  with  the  blood  or  that  the  coating  may  be  peeled  off  from  the  guide  wire,  resulting  in 
decrease  of  the  surface  lubricity  of  the  guide  wire.  Thus,  it  is  required  to  make  the  coating  of  the  maleic  anhydride  high 

25  polymer  insoluble  before  hydrophilizing  the  same. 
According  to  the  present  invention,  this  new  problem  is  solved  by  mixing  the  maleic  anhydride  high  polymer  with 

polyurethane  and  heating  the  resultant  mixture  after  coaing.  Preferred  polyurethane  are  those  soluble  in  a  solvent  for 
the  maleic  anhydride  high  polymer  and  having  allophanate  bond.  The  maleic  anhydride  high  polymer  is  insolubilized  by 
mixing  it  with  the  above  polyurethane  and  heating  the  resultant  mixture.  The  reaction  mechanism  is  not  specified  clearly 

30  but  this  can  be  presumed  as  follows:  The  allophanate  bond  reversively  decomposes  to  isocyanate  group  on  heating, 
and  the  resulting  isocyanate  group  reacts  with  vapor  in  the  atmosphere  to  produce  an  amino  group.  This  amino  group 
reacts  with  the  carboxyl  group  of  the  maleic  anhydride  high  polymer  to  produce  amide  bond.  The  reaction  proceeds 
three  dimensionally  to  produce  an  insoluble  coating.  The  solution  of  the  mixture  of  the  maleic  anhydride  high  polymer 
and  polyurethane  has  a  pot  life  of  about  one  day,  which  is  much  longer  than  that  of  the  solution  of  the  prior  art  employing 

35  diisocyanate  with  the  pot  life  of  about  2  hours. 
The  above  presumption  is  supported  by  the  fact  that  isocyanate  is  produced  from  polyurethane  by  heating.  The  for- 

mation  of  isocyanate  due  to  heating  of  polyurethane  can  be  confirmed  by  taking  infrared  absorption  spectrum  of  poly- 
urethane  singly  before  and  after  heat  treatment  thereof.  Figs.  1  and  2  shows  infrared  absorption  spectra  of  ether-ester 
type  polyurethane  (Sanplane  1B-802  of  SANYO  CHEMICAL  INDUSTRIES,  Ltd.,  weight-average  molecular  weight: 

40  50,000)  before  and  after  heat  treatment  thereof.  From  these  figures,  it  can  been  seen  that  the  spectrum  indicates  a 
peak  resulting  from  the  formation  of  isocyanate  around  2260  m"1  . 

As  mentioned  above,  the  coating  of  the  mixture  of  the  maleic  anhydride  high  polymer  and  polyurethane  may  be 
formed  on  the  body  by  dipping  the  body  in  a  solution  of  the  mixture,  removing  the  solvent  in  the  wet  coating  on  the  body, 
and  then  heating  the  coating.  As  a  solvent  for  the  mixture,  there  may  be  used  organic  solvents  such  as,  for  example, 

45  acetone,  methyl  ethyl  ketone,  dimethyl  formamide,  dimethyl  acetamide,  tetrahydrofuran  and  the  like.  The  concentration 
of  the  solvent  may  varies  from  0.02  to  1  0  percent  by  weight.  The  mixing  ratio  of  maleic  anhydride  high  polymer  and  poly- 
urethane  is  so  determined  that  a  ratio  of  allophanate  bond  to  monomer  unit  of  maleic  anhydride  ranges  from  0.0001  to 
0.01  ,  taking  into  account  molecular  structures  of  maleic  anhydride  high  polymer  and  polyurethane.  In  order  to  promote 
the  ^solubilization  by  evaporating  the  solvent  from  the  coating  on  the  body,  the  coating  is  thermally  treated  at  a  tem- 

50  perature  ranging  from  1  20  to  1  40  °C,  preferably,  from  1  25  to  1  35  °C  for  30  to  60  minutes,  preferably,  30  to  50  minutes. 
During  this  thermal  treatment,  the  coating  is  dried  and  then  insolubilized. 

Since  the  thus  insolubilized  coating  in  its  original  condition  does  not  show  the  lubricity  in  the  wet  condition,  the  coat- 
ing  is  then  hydrophilized  with  a  hydrophilizing  agent  to  give  hydrophilicity.  This  is  done  by  immersing  the  coated  body  in 
a  solution  of  the  hydrophilizing  agent  for  3  to  120  minutes,  or  by  exposing  it  to  a  vapor  of  the  hydrophilizing  agent  for  3 

55  to  120  minutes. 

3 



EP  0  829  264  A2 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  an  infrared  absorption  spectrum  of  ether-ester  type  polyurethane  before; 
Fig.  2  is  an  infrared  absorption  spectrum  of  ether-ester  type  polyurethane  after  thermally  treated;  and 

5  Fig.  3  is  an  explanatory  view  illustrating  a  procedure  for  performing  a  surface  lubricity  test. 

Example  1 

As  an  device  body  for  guide  wire,  there  is  prepared  a  core  wire  of  Ti-Ni  alloy  (Dymec)  with  a  diameter  of  0.48  mm 
10  coated  with  polyurethane  ether  (Pellethane  2363-80AE  of  The  Dow  chemical  Co.).  There  is  also  prepared  a  mixed  solu- 

tion  for  a  lubricating  coating  by  dissolving  methyl  vinyl  ether-maleic  anhydride  copolymer  (GANTREZ  AN-169  of  GAF 
CHEMICALS,  weight-average  molecular  weight:  67,000)  and  ether-polyester  type  polyurethane  (Sanplane  1B-802  of 
SANYO  CHEMICAL  INDUSTRIES,  Ltd.,  weight-average  molecular  weight:  50,000)  in  a  weight  ratio  of  8:1  in  methyl 
ethyl  ketone  adjusted  to  1.125  wt%  in  concentration.  The  core  wire  is  immersed  in  the  mixed  solution  for  10  seconds, 

15  taken  out  therefrom  and  then  heated  at  1  30  °C  for  30  minutes.  The  resin-coated  wire  is  then  immersed  in  a  40%  methyl 
amine  aqueous  solution  for  60  minutes,  taken  out  therefrom  and  dried  to  prepare  a  medical  guide  wire.  The  resultant 
guide  wire  is  subjected  to  surface  lubricity  test  as  mentioned  below. 
Results  are  listed  in  Table  1  . 

Fig.  3  shows  an  explanatory  view  illustrating  a  procedure  of  a  surface  lubricity  test  of  medical  guide  wires.  The  test 
20  is  carried  out  as  follows:  Firstly,  there  is  prepared  an  angiocatheter  1  having  an  inner  diameter  of  1  .1  mm  and  being  cut 

into  a  length  of  25  cm.  The  angiocatheter  1  is  bent  into  a  shape  shown  in  Fig.  3  and  then  fixed  at  a  proximal  end  B 
thereof  to  a  fixing  plate  2.  The  guide  wire  3,  which  has  been  previously  wetted  by  immersing  it  in  heparinized  cow  blood 
for  3  minutes,  is  inserted  into  a  lumen  of  the  angiocatheter  1  so  that  a  distal  end  of  the  guide  wire  3  is  jutting  out  from 
a  distal  end  A  of  the  angiocatheter  1  as  shown  in  Fig.  3.  After  this,  the  guide  wire  3  is  extracted  from  the  angiocatheter 

25  1  .  The  insertion  and  extraction  of  the  guide  wire  are  repeatedly  and  a  stress  is  measured  every  10  times  of  repetition 
of  the  insertion  and  extraction  of  the  guide  wire  with  a  tensile  tester  (Model  S500D,  SHIMADZU  Corp.).  A  value  of  the 
frictional  resistance  between  the  guide  wire  and  angiocatheter  is  determined  as  a  half  value  of  the  sum  of  the  stress 
obtained  at  the  time  of  insertion  and  that  obtained  at  the  time  of  extraction. 

30  Example  2 

Using  the  same  coated  core  wire  as  that  of  Example  1  ,  there  is  prepared  a  guide  wire  by  immersing  the  core  wire 
in  a  solution  of  a  mixture  of  methyl  vinyl  ether-maleic  anhydride  copolymer  and  ether-ester  type  polyurethane  dissolved 
in  a  weight  ratio  of  8:1  in  methyl  ethyl  ketone  adjusted  to  1.125  wt%  in  concentration.  After  10  seconds  later,  the  core 

35  wire  is  taken  out  from  the  solution  and  heated  at  1  30  °C  for  30  minutes.  The  resultant  resin-coated  wire  is  immersed  for 
1  20  minutes  in  ethanol  heated  to  60  °C,  taken  out  therefrom,  and  then  dried  to  prepare  a  medical  guide  wire.  The  result- 
ant  guide  wire  is  subjected  to  the  surface  lubricity  test  in  the  same  manner  as  in  Example  1  .  Results  are  listed  in  Table  1  . 

Comparative  Example  1 
40  (No  polyurethane  is  used;  reacted  with  amine) 

Using  the  same  coated  core  wire  as  that  of  Example  1  ,  there  is  prepared  a  guide  wire  by  immersing  the  core  wire 
in  a  1  wt%  solution  of  methyl  vinyl  ether-maleic  anhydride  copolymer  dissolved  in  methyl  ethyl  ketone.  After  10  seconds 
later,  the  core  wire  is  taken  out  from  the  solution  and  heated  at  130  °C  for  30  minutes.  The  resultant  resin-coated  wire 

45  is  immersed  in  a  40%  methyl  amine  aqueous  solution  at  room  temperature  for  60  minutes,  taken  out  therefrom,  and 
then  dried  to  prepare  a  medical  guide  wire.  The  resultant  guide  wire  is  subjected  to  the  surface  lubricity  test  in  the  same 
manner  as  in  Example  1  .  Results  are  listed  in  Table  1  . 

Comparative  Example  2 
so  (No  polyurethane  is  used;  reacted  with  alcohol) 

Using  the  same  coated  core  wire  as  that  of  Example  1  ,  there  is  prepared  a  guide  wire  by  immersing  the  core  wire 
in  a  1  wt%  solution  of  methyl  vinyl  ether-maleic  anhydride  copolymer  dissolved  in  methyl  ethyl  ketone.  After  10  seconds 
later,  the  core  wire  is  taken  out  from  the  solution  and  heated  at  130  °C  for  30  minutes.  The  resultant  resin-coated  wire 

55  is  immersed  in  ethanol  heated  to  60  °C.  After  an  elapse  of  1  20  minutes,  the  resultant  resin-coated  wire  is  taken  out  from 
ethanol,  and  then  dried  to  prepare  a  medical  guide  wire.  The  resultant  guide  wire  is  subjected  to  the  surface  lubricity 
test  in  the  same  manner  as  in  Example  1  .  Results  are  listed  in  Table  1  . 
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Comparative  Example  3  (No  reaction  with  amine  or  alcohol) 

Using  the  same  coated  core  wire  as  that  of  Example  1  ,  there  is  prepared  a  guide  wire  by  immersing  the  core  wire 
in  a  solution  of  a  mixture  of  methyl  vinyl  ether-maleic  anhydride  copolymer  and  ether-ester  type  polyurethane  dissolved 

5  in  a  weight  ratio  of  8:1  in  methyl  ethyl  ketone  adjusted  to  1  .125  wt%  in  concentration.  After  10  seconds  later,  the  core 
wire  is  taken  out  from  the  solution  and  heated  at  1  30  °C  for  30  minutes.  The  resultant  guide  wire  is  subjected  to  the  sur- 
face  lubricity  test  in  the  same  manner  as  in  Example  1  .  Results  are  listed  in  Table  1  . 

Comparative  Example  4  (Processed  at  a  low  temperature) 
10 

Using  the  same  coated  core  wire  as  that  of  Example  1  ,  there  is  prepared  a  guide  wire  by  immersing  the  core  wire 
in  a  solution  of  a  mixture  of  methyl  vinyl  ether-maleic  anhydride  copolymer  and  ether-ester  type  polyurethane  dissolved 
in  a  weight  ratio  of  8:1  in  methyl  ethyl  ketone  adjusted  to  1.125  wt%  in  concentration.  After  10  seconds  later,  the  core 
wire  is  taken  out  from  the  solution,  immersed  in  a  40%  methyl  amine  aqueous  solution  at  room  temperature  for  60  min- 

15  utes,  taken  out  therefrom,  and  then  dried  to  prepare  a  medical  guide  wire.  The  resultant  guide  wire  is  subjected  to  the 
surface  lubricity  test  in  the  same  manner  as  in  Example  1  .  Results  are  listed  in  Table  1  . 

Table  1 
20  Number  of  sliding  move-  FRICTIONAL  RESISTANCE  (g) 

ment  (Times) 
Ex.  1  Ex.  2  Comp.  Ex.1  Comp.  Ex.2  Comp.  Ex.3  Comp.  Ex.4 

0  4.5  4.0  4.0  6.5  >50  7.0 
25  10  4.5  4.0  6.5  6.5  -  34.0 

20  4.5  4.5  7.0  7.0  -  >50 

30  4.5  4.5  10.0  8.0 

30  40  5.0  4.5  15.0  11.0 

50  6.0  6.0  20.0  15.0 

As  can  be  seen  from  the  results  shown  in  Table  1  ,  the  guide  wires  according  to  the  present  invention  are  excellent 
35  in  surface  lubricity  and  small  in  frictional  resistance.  In  contrast  therewith,  the  guide  wires  of  comparative  example  1  and 

2  possess  a  low  frictional  resistance  similar  to  that  of  the  guide  wires  of  the  present  invention  at  the  beginning  of  their 
sliding  movement,  but  the  frictional  resistance  increases  with  the  number  of  times  of  the  sliding  movement.  Thus,  the 
guide  wires  of  comparative  example  1  and  2  are  poor  in  frictional  durability.  On  the  other  hand,  the  guide  wire  of  com- 
parative  example  3  employing  no  amine  or  alcohol  possesses  the  same  frictional  resistance  as  that  of  the  guide  wires 

40  of  examples  1  and  2  in  pure  water  but  does  not  possess  the  lubricity  in  the  heparinized  cow  blood  containing  calcium 
ions.  The  guide  wire  of  comparative  example  4  thermally  treated  at  a  low  temperature  is  poor  in  frictional  durability  since 
the  frictional  resistance  thereof  considerably  increases  from  the  beginning  of  the  sliding  movement. 

Accordingly,  the  present  invention  makes  it  provide  medical  devices  which  show  good  surface  lubricity  when 
brought  into  contact  with  the  blood  and  possesses  high  frictional  durability,  thus  making  it  possible  to  lower  pains  of  a 

45  patient  to  be  treated. 

Claims 

1.  A  medical  device  comprising  a  body  and  a  smoothing  or  lubricating  coating  provided  on  a  surface  thereof,  said 
so  coating  being  composed  of  a  mixture  of  maleic  anhydride  high  polymer  and  polyurethane  having  allophanate  bond, 

said  coating  being  insolubilized  by  heating  and  hydrophilized  with  a  hydrophilizing  agent. 

2.  The  medical  device  according  to  claim  1  ,  wherein  said  hydrophilizing  agent  is  a  compound  selected  from  the  group 
consisting  of  ammonia,  amines  and  alcohols. 

55 
3.  The  medical  device  according  to  claim  1  ,  wherein  said  body  is  a  slender  elongated  member. 

4.  The  medical  device  according  to  claim  3,  wherein  said  slender  elongated  member  is  in  the  form  of  a  tube. 

5 
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5.  The  medical  device  according  to  claim  3,  wherein  said  slender  elongated  member  is  in  the  form  of  a  solid  wire. 

6.  A  method  for  producing  medical  devices  comprising  the  steps  of  coating  a  solution  of  a  mixture  of  maleic  anhydride 
high  polymer  and  polyurethane  having  allophanate  bond  on  a  surface  of  a  body  of  a  medical  device,  insolubilizing 

5  the  resultant  coating  by  heating,  and  then  hydrophilizing  it  with  a  hydrophilizing  agent. 

7.  The  method  for  producing  medical  devices  according  to  claim  6  wherein  said  hydrophilizing  agent  is  a  compound 
selected  from  the  group  consisting  of  ammonia,  amines  and  alcohols. 
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